Abstract. -T h e d a r k conductivity of amorphous hydrogenated silicon is found t o increase immediately after electron irradiation. The conductivity d e c r e a s e s a s a function of time and settles at a value lower than the original one after room temperature anneal f o r 12 hours. The photoconductivity i s a l s o found t o be lower. F o r the same dose of irradiation, the d e c r e a s e in photoconductivity i s found to be much l a r g e r in P-doped samples in comparison t o undoped ones. Moreover, while annealing at 2 0 0~~ f o r 6 hours removes the defects in undoped samples, the removal rate in P-doped s a mples is slower. P r e s e n c e of Li increases the removal r a t e substantially.
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Abstract. -T h e d a r k conductivity of amorphous hydrogenated silicon is found t o increase immediately after electron irradiation. The conductivity d e c r e a s e s a s a function of time and settles at a value lower than the original one after room temperature anneal f o r 12 hours. The photoconductivity i s a l s o found t o be lower. F o r the same dose of irradiation, the d e c r e a s e in photoconductivity i s found to be much l a r g e r in P-doped samples in comparison t o undoped ones. Moreover, while annealing at 2 0 0~~ f o r 6 hours removes the defects in undoped samples, the removal rate in P-doped s a mples is slower. P r e s e n c e of Li increases the removal r a t e substantially.
T h e results a r e discussed in t e r m s of the vacancies and the vacancyimpurity complexes created by irradiation.
Introduction. -Amorphous hydrogenated silicon (a-Si : H ) prepared from glowdischarge decomposition of silane has received a great deal of attention a s a potential solar cell m a t e r i a l (1). E a r l i e r experiments on vacuum deposited amorphous silicon films (2, 3) showed that the electrical conductivity of these materials is rather insensitive t o electron irradiation. This is due t o the l a r g e number of gap states in these films (4) and it h a s been shown (5, 6 ) that in glow-discharge films which have very few states in the gap, electron irradiation causes defects which increase the spin density and quench the photo-luminiscence.
We have carried out experiments t o study the effect of electron irradiation on the d a r k and photoconductivity of a-Si : H films. The results f o r undoped films together with some preliminary r e s u l t s on films doped with P and Li a r e reported in this paper.
Experimental details, -The samples w e r e made by dc discharge of 10% SiH4-90% H2 mixture at a p r e s s u r e of 0. 5 T and substrate temperature of 3 0 0~~. T h e details of sample preparation and character isation a r e discussed elsc.vhere (7,s).
Phosphorus doping is achieved by mixing pH3 with silane; Li doping i s obtained by Li evaporation and diffusion (9) . Corning 7059 glasses with pre-deposited NiCr-Sb contacts, I m m apart, a r e used a s substrates. Typical film thickness i s about l p m . Electron irradiation was carried out using a pulsed linear accelerator to a total dose of 2. 1015 ~m -~. The sample was kept in vacuum during irradiation and a l l measurements were carried out in situ. Before any irradiation, the samples w e r e heat dried by annealing at 2 0 0~~ f o r 2 hours.
Results. -The dependence of d a r k conductivity of an undoped sample a s a function of time immediately after irradiation i s shown in Fig. 1 . We find that immediately after irradiation the conductivity i s l a r g e r than the initial value and slowly s,ettles a t a value below that of original conductivity. Photoconductivity of the sample is We have c a r r i e d out experiments on a large number of samples and although we find a s c a t t e r in the value of d a r k conductivity immediately after irradiation, the stable values of both d a r k and photoconductivity a r e found t o be similar. 
4.
2.8. 
T h e exponent L) i s s l i g h t l y l o w e r ( T a b l e 1). T h e s t a b l e value of photoconductivity a t r o o m t e m p e r a t u r e h o w e v e r i s a n o r d e r of m a g n i t u d e lower. M o r e o v e r , e v e n a f t e r prolonged (100h) h e a t t r e a t m e n t a t 200°c, t h e o r i g i n a l photoconductivity v a l u e s cannot b e fully r e s t o r e d and a r e l o w e r by a f a c t o r of 4.
If L i i s i n c o r p o r a t e d i n addition t o P ( T a b l e l ) , the annealing kinetics is q u i t e d i f f e r e n t f r o m only P-doped s a m p l e . T h e d e c r e a s e i n photoconductivity is m u c h lower. M o r e o v e r , t h e o r i g i n a l conductivity and photoconductivity can now b e r e s t o r e d b y annealing a t 2 0 0~~.
D i s c u s s i o n s . -E l e c t r o n i r r a d i a t i o n a t h i g h e n e r g y c r e a t e s point d e f e c t s uniformly d i s t r i b u t e d in t h e m a t e r i a l (10). In t h e c a s e of undoped hydrogenated s i l i c o n , the d e f e c t s c o n s i s t of both m i s s i n g s i l i c o n and h y d r o g e n atoms. E a c h m i s s i n g s i l i c o n a t o m c r e a t e s f o u r dangling bonds w h e r e a s a m i s s i n g h y d r o g e n a t o m g i v e s r i s e t o a s i n g l e dangling bond.
T h e dangling bonds, isolated o r r e -s t r u c t u r e d , will p r o d u c e s t a t e s i n t h e g a p a t d i f f e r e n t locations i n t h e e n e r g y space. M o r e o v e r t h e d e f e c t c a n f o r m c o m p l e x e s with t r a c e s of i m p u r i t y t h a t a r e always p r e s e n t in t h e f i l m t o g i v e additional s t a t e s i n t h e gap. In a-Si : H, t h e i m p u r i t i e s could b e oxygen. n i t r o g e n o r carbon. All t h e s e s t a t e s will h a v e pronounced e f f e c t on t h e d a r k and photoconductivity of t h e m a t e r i a l .
With s u c h a c o m p l e x s e t of d e f e c t s caused by i r r a d i a t i o n , i t i s not p o s s i b l e t o explain t h e e x p e r i m e n t a l d a t a quantitatively and only s o m e g e n e r a l o b s e r v a t i o n s w i l l b e made. We find t h a t t h e r e a r e t w o t y p e s of d e f e c t s with d i f f e r e n t annealing behaviour. One s e t of d e f e c t s which g e t s annealed a t r o o m t e m p e r a t u r e i n c r e a s e s t h e conductivity. We s u s p e c t that t h i s defect is a s s o c i a t e d with oxygen s i n c e i n one
s a m p l e i n which I . a b s o r p t i o n showed a much l a r g e r oxygen content (1%) t h a n n o r m a l t h e i n i t i a l i n c r e a s e i n conductivity w a s m o r e . T h e o t h e r s e t of d e f e c t s i s m o r e stable. S i n c e t h e exponent 3 d o e s not change o n i r r a d i a t i o n , following R o s e (1 1 ) it a p p e a r s t h a t i r r a d i a t i o n c r e a t e s new s t a t e s between t h e F e r r n i l e v e l and t h e q u a s i -F e r m i l e v e l without a n y change in t h e s h a p e of t h e d i s t r i b u t i o n in energy. S i n c e t h e F e r m i l e v e l is about 0 . 6 eV below t h e conduction band, we conc l u d e t h a t t h e new s t a t e s a r e l o c a t e d slightly a b o v e t h i s energy. It i s i n t e r e s t i n g t o note that t h e 0. 9 eV l u m i n i s c e n c e i n i r r a d i a t e d a -Si : H h a s b e e n a t t r i b u t e d (1 2) t o a l e v e l a r o u n d t h i s e n e r g y c a u s e d b y dangling bonds.
When P is i n c o r p o r a t e d in t h e s a m p l e , 3 d e c r e a s e s slightly i n a g r e e m e n t with t h e r e s u l t s obtained f r o m o t h e r l a b o r a t o r i e s (13). S i n c e i r r a d i a t i o n c a u s e s a m u c h l a r g e r d e c r e a s e i n photoconductivity t h a n i n undoped s a m p l e s , it i s a p p a r e n t t h a t additional s t a t e s i n t h e g a p a r e c r e a t e d d u e t o t h e f o r m a t i o n of phosphorusv a c a n c y complex. In c r y s t a l l i n e S i doped with P, i t i s known (10) that i r r a d i a t i o n c a u s e s a c c e p t o r c e n t r e s about 0. 4 eV below conduction band (E -Centre). In t h e c a s e of a -S i : H, s u c h a l e v e l will a c t a s d e e p e l e c t r o n t r a p and with illumination, as t h e q u a s i -F e r m i l e v e l s w e e p s t h r o u g h it, w i l l a c t a s a r e c o m b i n a t i o n centre. A d e c r e a s e i n photoconductivity i s t h e r e f o r e expected. In c r y s t a l l i n e s i l i c o n , t h e E -c e n t r e c a n be annealed out a t 1 50°c (1 4). T h i s is not t h e c a s e i n a -S i : H and a m o r e c o m p l e x annealing m e c h a n i s m possibly e x i s t s .
T h e annealing p r o c e s s i s c o n s i d e r a b l y enhanced in t h e p r e s e n c e of Li. T h i s is s i m i l a r t o r e s u l t s in c r y s t a l l i n e S i w h e r e i n t h e p r e s e n c e of Li, t h e i r r a d i a t i o ninduced d e f e c t s a r e known (1 5) t o a n n e a l out m u c h f a s t e r . In oxygen -f r e e P-doped m a t e r i a l , t h e d e f e c t s a n n e a l out a t r o o m t e m p e r a t u r e itself w h e r e a s in s a m p l e s i n which oxygen i s p r e s e n t , annealing a t around 1 50°c i s n e c e s s a r y t o r e m o v e t h e d e f e c t s (16). It i s believed t h a t t h e r e c o v e r y of r a d i a t i o n d a m a g e i s g o v e r n e d by
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